INTRODUCTION
For semi-active control of vehicle suspension magnetorheological (MR) dampers are usually used (Wang et al. 2011 , Kamalakkannan et al. 2012 , Krauze 2011 , Wolnica et al. 2013 , Kurczyk et al. 2013 . Construction of such dampers suggests that their properties should depend on the current of the coil, the relative velocity of the rod and temperature of the fl uid, which all change during operation. Then, an inverse model used to work out the current based on the required damping force may not be adequate, and performance of the overall semi-active control system can be signifi cantly degraded. MR damper reaches its operating temperature in a short period of time, and thus it should be modelled, and the obtained inverse model should refl ect such state. However, it has been observed that the hysteric behaviour of the MR damper signifi cantly differs depending on the current. The paper presents results of such analysis and recommends using a set of simple models appropriate for different ranges of this parameter (Fialho et al. 2000) . During control the models should be switched to guarantee the best operating conditions. Experiments for this research have been performed using a material testing system (MTS).
MR DAMPER MODELLING AND INVERSE MODELLING
In this paper, in order to capture the damper behaviour, a cascade of nonlinear hypertangent models is used (Bouc 1967 , Guo et al. 2006 , Sapiński 2009 Experimental data were collected using material testing system MTS 858 Table Top The force of the MR damper can be obtained as follows:
where F c and c 0 are dependent on the current i by fi rst-degree polynomials. Terms ( ) x z − and ( ) x z − are the relative displacement and the relative velocity of the rod, respectively. Parameters α, p 1 , p 2 are constant, and they express properties of MR damper hysteric behaviours. To ensure that the model is invertible, fi rst-degree polynomials can be used for F c and c 0 . Parameters do not have any physical meaning:
Then, the inverse MR damper model takes the form: 
INFLUENCE OF OPERATING CONDITIONS
A cascade of simple inverse models M 3 (see fi g. 2) is proposed in this paper to be used instead of complicated models used in the literature.
In the cascade, each inverse model is tuned for a narrow range of the current. Parameter F c has the greatest infl uence on the fi nal value of F t . Its dependence on the coils current is shown in fi gure 3. Parameter c 0 depends on the current too, but its infl uence on the fi nal value is small. Its dependence on the coils current is shown in fi gure 4.
The range of change is split to minimize the difference between experimental data values and model values. The An inference is proposed to decide, which model should be used for the actual input current i. To refl ect operating conditions well, the modelling should be performed for data acquired after the MR damper reaches its operating temperature.
Two complex inverse models, developed for the whole range of operating conditions are presented below for comparison. First inverse model, M 1 , is described using (1), where parameters F c and c 0 are second-degree polynomials dependent on the current. Parameters do not have any physical meaning: , (5) where: 
The second inverse model, M 2 , is described using (1), where parameters F c and c 0 depend on the square root and linear polynomial (Plaza 2008) , respectively. Parameters do not have any physical meaning: 
M 2 takes the form:
where:
EXPERIMENTS
Simulation experiments have been carried out to verify performance of the control system operating with the cascade of simple models, and results have been compared to those obtained with sophisticated models M 1 and M 2 . Performance indices have been defi ned as follows (Sapiński et al. 2003) : Sometimes MR damper does not reach desired force values, because of its dissipative properties. Similar phenomenon occurs for inverse MR damper models.
CONCLUSIONS
In the paper, three inverse MR damper models have been compared. Models M 1 and M 2 are those developed for the whole range of operating conditions. In turn, model M 3 is proposed in this paper as a cascade of simple sub-models, each for a different range of the coils current. Three performance indices have been used to validate the proposed approach. It has been shown that it is possible to use a cascade of simple models instead of a complex inverse model. The performance of the cascade model is better than that of complex models. The difference between experimental data and the cascade model data are relatively small for the whole range of operating conditions. The usage of a cascade of simple sub-models guarantees the ability to implement in practice. In case of more complex models its usage can cause additional phase shifting during system operation. 
